INTRODUCTION
Asparagus officinalis L. is a perennial vegetable, which in the past was classified under the family Liliacea, while at present it comes under the Asparagaceae family. A characteristic feature of this group of plants is the fact that its root system does not wither in autumn, at the end of the vegetation season, but during winter. Because of the presence of many minerals, vitamins and bioactive compounds, asparagus has a beneficial effect on human health (PALfI et al., 2017; DRoSt, 2018) . the edible parts of asparagus also contain certain amounts of phytosterols, which reduce blood cholesterol level. Among sterols the highest level is reported for β-phytosterol (over 50%) (fueNteS-ALveNtoSA et al., 2009) . Asparagus is primarily a rich source of flavonoids, including rutin and quercetin (PARk, 2016) . Results from studies showed that the highest amounts of phenolic compounds are reported in purple Kobus-Cisowska et al. and green asparagus. White asparagus is considered as a vegetable with a lower antioxidant potential. This means that exposure to light are required for the accumulation of phenolic compounds and that these compounds are accumulated particularly in asparagus tips (PAPouLIAS, et al., 2009; DAWID & HofMANN, 2014) . the other research hypothesis concerns the polyphenols themselves, i.e. differences in total polyphenolic contents, particularly in the contents of phenolic acids and flavonols within analyzed cultivars and the three edible forms of each cultivar. Also, a thorough analysis was conducted of the polyphenolic compound content, i.e. phenolic acid derivatives of cinnamic and benzoic acids and flavonols, as well as assessment of the antioxidant potential measured by DPPH, ABtS and reducing power of five different asparagus cultivars (Grolim, Schwetzinger Meisterschuss, Gijnlim, eposs, Huchel's Alpha) depending on their color: white, purple and green, resulting from the cultivation method adopted.
MATERIAlS AND METhODS
the material used in the study comprised white, purple and green asparagus of the following cultivars: Schwetzinger Meisterschuss (De 265), Huchel's Alpha, Gijnlim (NL 68), Grolim (NL 68) and eposs (De 265). Asparagus crops were harvested from four different plantations in Miedzichowo, the Nowy Tomyśl County, Poland (52°22'06.8" N 15°57'01.1" E). All fifteen samples of asparagus were cold stored for 24 h at a temperature of 3 °C. then, asparagus were cut into smaller pieces and boiled in water at a temperature of 95 °C. each asparagus sample was boiled in a separate uncovered pot for approximately 20 min until asparagus spears were soft. upon completion of thermal treatment the tested material was homogenized. Next, the samples were lyophilized (CHRISt 1-4 LSC, Germany) -temperature on the freeze dryer shelf was heated and ranged from +15 °C to +20 °C, temperature inside the product estimated +4 °C and condensation temperature was set to −48 °C. The freeze drying was conducted at reduced pressure (1.030 mbar) by 48 hours.
Samples descriptions are given under table 1. freeze dried asparagus samples (5 g) were homogenized and extracted in 70 ml of 60% ethanol for 2 h at room temperature according to koBuS-CISoWSkA and coworkers (2019) with slight modifications. The extract was filtered through Whatman No. 4 paper and rinsed with 50 ml of ethanol. extraction of residue was repeated applying the same conditions. The two filtrates of 60% ethanol were combined and evaporated under vacuum at 40°C; then freeze drying was conducted. the prepared crude extracts were stored in a dry, dark and cool place until they were analyzed.
Phenolic acids were analysed qualitatively and quantitatively using Agilent HPLC linked to a Bin Pump Infinity DAD 1290 detector (λ = 260 nm and 310 nm). Phenolic acids were identified using the standards dissolved in methanol applying a method described by koBuS et al. (2009) .
The composition of flavonols was determined applying a method described by GrAMzA-MICHAłowskA et al. (2016) . Extracted flavonols were separated and identified by Agilent uPLC using a Nova-Pak C18 reversed-phase column (3.9 × 150 mm, 5-μm particle size; both from Waters, Milford, MA, uSA).
The antioxidative effect of asparagus was estimated using DPPH, ABtS and reducing power assays. the DPPH procedure described by AMARoWICZ et al. (2007) is based on the DPPH solution absorbance decrease at λ = 517 nm in the presence of free radicals (Meterek SP 830, taiwan) . the DPPH· radical scavenging was presented as % of scavenged radicals, EC50 and antiradical efficiency (AE) (AE=1/EC50). the ABtS radical cation decolourization assay was estimated according to Re and coworkers (1999) , and was based on the spectrophotometric measurement (λ=734 nm). The results were expressed in the same way as % scavenged DPPH, the EC50 value and antiradical efficiency (Ae). the procedure of reducing power assay was described by AMARoWICZ and colleagues (2007) . Absorbance of the produced mixture was measured at 700 nm with the use of a Specord 40 (Analytik Jena, Germany) . the data were analysed statistically by means of StAtIStICA tM PL 13.1 (StatSoft, Poland).
RESUlTS AND DISCUSSION
In samples of tested white, purple and green asparagus cultivars selected phenolic acids and flavonols were determined qualitatively and quantitatively using HPLC (Table 1, Table 2 ).
Among the analysed hydroxycinnamic acids, gallic and p-hydroxybenzoic acids predominated, while among the derivatives of hydroxycinnamic acid it was ferulic, sinapic and coumaric acids. It was found that both the colour of asparagus and the cultivar had a significant effect on phenolic acid contents.
Presence of vanillic acid was identified solely in green asparagus. In turn, caffeic acid was identified only in one cultivar of white asparagus and in all cultivars of purple and green asparagus. As mentioned above, in white asparagus gallic acid was dominant for four tested asparagus cultivars. eposs in the case of white asparagus contained less gallic acid than purple and green asparagus.
In the case of hydroxycinnamic acid derivatives, ferulic and sinapic acids were dominant acids in asparagus. Contents of these acids were generally highest in green asparagus and they were comparable in purple and white asparagus. Considerable amounts of p-coumaric acid were also detected, while it was lacking only in white Gijnlim. Chlorogenic acid was not detected. Protocatechuic acid was found only in four asparagus samples (GYw, Huw, GYp, Hup). GRw -white asparagus Grolim, GRp -purple Grolim, GRg -green Grolim, SCw -white asparagus Schwetzinger Meisterschuss, SCp -purple Schwetzinger Meisterschuss, SCg -green Schwetzinger Meisterschuss, GYw -white asparagus Gijnlim, GYp -purple Gijnlim, GYg -green Gijnlim, ePw -white asparagus eposs, ePp -purple eposs, ePg -green eposs, Huw -white asparagus Huchel's Alpha, Hup -purple Huchel's Alpha, Hug -green Huchel's Alpha. Kobus-Cisowska et al. It was found that among the analysed asparagus cultivars, Grolim contains the highest amount of phenolic acids with the smallest amounts detected in cv. Gijnlim. Green asparagus was found to have the highest content of phenolic acids, followed by purple and white asparagus.
Among all the cultivars, the highest amounts of flavonoids were found in green asparagus, among which cv. Grolim had the highest content of flavonols, with the lowest content in cv. Gijnlim. Rutin predominated in asparagus, as its content was detected at 1818 μg/100 g d.m. in a sample of cv. GYg and up to 2318 μg/100 g d.m. in GRg. Purple asparaguses contained 10 times more rutin (501-1973 μg/100 g d.m.) than white asparagus (31-230 μg/100 g d.m.). No traces of astragalin or quercetin were detected in white and purple asparagus, while kaempferol was not found in any of the samples.
Close location of rutin to astragalin plots and ferulic acid to sinapic acid, indicates on the positive correlation between these factors (figure 1). However, the opposite location of gallic acid to p-coumaric acid as well as the location of p-hydroxybenzoic acid in order to isoquercetin, show that the correlations describing them are negative. the grouping of plots describing samples of white, purple and green asparaguses, indicates on the diversification of specimens up to the concentrations of analysed compounds.
Similar results concerning contents of phenolic acids in asparagus spears were presented by other researchers in which a dominant amount of hydroxycinnamic acids ranging from 2.31 to 4.91 mg/g was presented (fueNteS-ALveNtoSA et al., 2009; PAPouLIAS et al., 2009) . Moreover, middle and basal portions of the spears are richer in these compounds than the upper portion, especially after a storage period (RoDRíGueZ, et al., 2005a; 2005b) . the relatively high contents of gallic and p-hydroxybenzoic acids detected in asparagus result from the common occurrence of these compounds in the free state in gymnosperms, such as asparagus. Similar results were obtained for both green and purple asparagus by other authors, which indicates that green asparagus is more abundant in antioxidating phytochemicals (SHou et al. 2007; koHMuRA et al. 2008) . these compounds may influence the plant's antioxidant properties, which are based on the inhibition of free radical generation, their scavenging capacity and on increasing the catalytic activity of endogenous enzymes participating in the neutralization of free radicals (kMIeCIk et al., 2015; YAo et al., 2016) . this pertains in particular to p-hydroxybenzoic and gallic acids, as well as ferulic, sinapic and p-coumaric acids, which are predominant in asparagus.
The varied quantitative and qualitative composition in the case of polyphenolics resulted most probably from changes occurring during vegetation, such as a lack of access to light in the case of white asparagus and limited access to light in purple asparagus. Content of chemicals in plant organ depend on varieties (MuDAu et al. 2018) . these proceedings are consistent with implications derived by fueNteS-ALveRtoSA and coworkers (2009). In their study, contents of flavonoids ranged from 25.9 to 76.3 mg/100 g fresh weight. rutin (quercetin-3-o-rhamnoglucoside) was the primary flavonoid glycoside, accounting for approximately 70% of total flavonoid content. According to SuN and coworkers (2007; 2007a) , it was rutin that proved to be the most important flavonoid in asparagus. Its content was 286.5 mg/kg fresh product.
the antioxidative activity of asparagus was estimated using DPPH, ABtS and reducing power assays and is presented in table 3 and figure 2.
Green asparagus had the highest antioxidant capacity measured with DPPH, followed by purple and white asparagus. It was found that green asparagus had eC50 within the range from 0.294 to 0.489. the highest eC50 was shown for white asparaguses, which were 5-to 8-fold higher in relation to green asparaguses and by 15-42% higher in comparison to purple asparaguses. the scavenging activity on DPPH radicals by asparagus extract is variety-and colour-dependent.
The activity described as % of scavenging radicals ranged from 16.07% for GYw to 95.90% for SCg. the activity of green asparagus was the greatest for Hug. the value of IC50 for white asparagus was the highest and ranged from 1.11 for sample Huw to 1.92 for sample GYw. Green extracts scavenged ABtS radicals to the highest degree, amounting from 0.28 up to 0.48.
High absorbance indicates high reducing power. It was shown that all the analysed extracts exhibited reducing power (figure 2). However, the best performance, was observed in green asparagus samples with the lowest level in white asparagus spear extract. It has been shown that green Grolim asparagus had reducing power close to BHt -the synthetic antioxidant. It may be observed that asparagus GR and SC exhibited higher activity than other asparagus varieties in all colour groups. Statistical analysis showed that there is a positive correlation between the content of flavonols and the reducing power of asparagus extracts (r=0.754) and between phenolic acids and reducing power (r=0.783). the free radical scavenging activities of green asparagus were attributed to various natural polyphenols, including rutin, quercetin, kaempferol, and isorhamnetin (fueNteS-ALveNtoSA et al., 2009). our result was in agreement with two previous reports that the antioxidant activity of asparagus was correlated with polyphenol contents. In previous study it was indicated that asparagus with the highest radical scavenging activity in relation to DPPH, i.e. green asparagus (kuLCzYńskI et al., 2016) . the analyses also made it possible to identify cv. Gijnlim and Grolim as cultivars exhibiting the highest scavenging potential in relation to the DPPH radicals.
In turn, a study by koBuS-CISoWSkA and coworkers (2017) showed that bioactive components of green asparaguses and their high antioxidant potential enhance nutritive value of meat products. Addition of green asparagus to meatloaf had a statistically significant effect on an increase in antioxidant activity measured in the DPPH test, with 0.30 mmol te/g product in the control, while in meatloaves with asparaguses (added at 1.5, 2 and 3%) it was 0.49, 0.57 and 0.73 mmol TE/g product. Similarly, in the ABtS test the activity in relation to the control was by as much as 3.5 times greater.
CONClUSION
Spears of asparagus have been consumed as vegetable for centuries, but very little information is available on the bioactive compounds and their antioxidant activity, which depend on cultivars and color. In the present study, five cultivars (Grolim, Schwetzinger Meisterschuss, Gijnlim, eposs, Huchel's Alpha), each in white, green and purple color, were compared in terms of their polyphenol contents. Contents of phenolic compounds in asparagus varied and depended both on the cultivar and color of the vegetable. Asparagus was found to contain phenolic acids and flavonoids, among which gallic acid, ferulic acid and rutin predominated. the highest amounts of bioactive compounds were detected in green asparagus, with the contents being lower in purple asparagus, while white asparaguses were the poorest sources of these compounds. Among the tested asparagus cultivars cv. Grolim had the highest contents of phenolic acids and flavonols. the scavenging activity towards DPPH radicals by asparagus extract is variety-and color-dependent and was the greatest for green asparagus samples. Similar green extracts scavenged ABtS radicals to the highest degree. Statistical analysis showed a significant positive correlation between flavonols and phenolic acids and the activity towards DPPH and ABtS radicals. the presence of such fenolic acids as gallic, ferulic and sinapic acids, contributed to the highest antioxidant activity towards DPPH radicals. the antioxidant activity measured with ABtS of asparagus demonstrated a linear relationship with rutin content. the capability of the asparagus spears to scavenge DPPH and ABtS radicals and act as reducers, indicate that they may be useful therapeutic agents in treating radical pathological damage.
the information shown in this paper could be of interest with regards to both expanding scientific knowledge and possible further practical applications.
